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COMBINATION OF ELECTRIC TOOLS AND
START METHOD THEREOF

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This is a continuation-in-part of International Appli-
cation No. PCT/CN2011/075952, with an international filing
date of Jun. 20, 2011, which International Application claims
foreign priority to Chinese Patent Application No.
201010213975 4, filed on Jun. 18, 2010 in the SIPO (State
Intellectual Property of the P.R.C). The foregoing applica-
tions are incorporated by reference.

TECHNICAL FIELD

[0002] The present invention relates to a combination of
electric tools, and a method for starting the combination of
electric tools.

BACKGROUND OF THE INVENTION

[0003] During daily work, the user usually uses more than
two electric tools to process workpieces. For example, when
cutting the workpieces, the cutting machine is used, but to
avoid polluting the environment and injury from dust gener-
ated by cutting, usually a vacuum cleaner is also used in
combination with the cutting machine; or when the user needs
to polish the workpieces in a dim environment, a working
lamp and an electric tool such as a sander are required to be
used at the same time; or when processing workpieces using
an electric router, to avoid blocking the sight, a blower is also
adopted to blow off the chips.

[0004] In the prior art, when using more than two electric
tools, the user usually needs to control the electric tools one
by one, for example, when performing cutting in a dim envi-
ronment, the user turns on the working lamp first, then starts
the vacuum cleaner, and next powers on the cutting machine
to cut pieces; when cutting is completed, the user powers off
the electric tool, stops the vacuum cleaner, and turns off the
working lamp. This makes the cutting work very compli-
cated.

SUMMARY OF THE INVENTION

[0005] In the above account, it is necessary to provide a
combination of electric tools conveniently controlled by the
user and a startup method thereof.

[0006] In a preferred embodiment, a combination of elec-
tric tools includes a first electric tool and a second electric tool
respectively having an independent power supply. The sec-
ond electric tool starts working automatically responding to
the startup of the first electric tool.

[0007] Preferably, the independent power supply is a bat-
tery pack.
[0008] Preferably, the second electric tool is a vacuum

cleaner, and the vacuum cleaner also includes: a battery pack
as the power supply of the second electric tool; a body for
vacuuming; a hose installed on the body, the hose includes a
tool connection end which is connected with the first electric
tool.

[0009] Preferably, the control module is arranged at a posi-
tion in the hose close to the end connection end.

[0010] Preferably, the control module is sealed in the lateral
side of the hose.

[0011] The present invention provides a vacuum cleaner for
being used in combination with the electric tool. The vacuum
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cleaner includes: a body capable of vacuuming, a hose
installed on the body, and a switch controlling the work of the
body. The vacuum cleaner includes a control module which
controls the switch to be energized or not by detecting the
vibration generated after startup of the electric tool.

[0012] Preferably, the control module is a sound control
module which senses the sound signal generated by the vibra-
tion to control the switch to be energized or not.

[0013] Preferably, the sound control module includes a
sound sensor which converts the sensed sound into the sens-
ing signal and outputting the sensing signal, and a signal
amplification circuit which is connected with the sound sen-
sor and the switch, amplifying and outputting the sensing
signal to the switch, and turning on the switch.

[0014] Preferably, the sound control module also includes a
comparator which is electrically connected between the sig-
nal amplification circuit and the circuit; the comparator com-
pares the voltage of the sensing signal with a preset reference
voltage; and when the voltage of the sensing signal is greater
than the reference voltage, the sound control module controls
the switch to be energized.

[0015] Preferably, the sound control module also includes a
delay circuit capable of counting time; when the sensing
signal output by the sound sensor lasts a preset time length,
the sound control module controls the switch to be energized.
[0016] Preferably, the sound sensor is located on one side of
the top of the body where the hose is installed.

[0017] Preferably, the sound control module includes: the
sound sensor, converting the sensed sound signal into the
analogue signal; the signal amplification circuit, electrically
connected with the sound sensor, and amplifying the sensing
signal by a fixed factor; an analog-digital conversion circuit,
electrically connected with the signal amplification circuit,
receiving the sensing signal and converting the analogue sig-
nal into the digital signal; a memorizer, storing a preset con-
dition; and a processor, electrically connected with the ana-
log-digital conversion circuit and the memorizer, receiving
the digital signal, reading the preset condition, and when the
digital signal meets the preset condition, controlling the
switch to be energized.

[0018] Preferably, the preset condition is at least one fea-
ture value of the sound signal, and the feature value is a
frequency, amplitude, period, peak value, valley value, or
optional combinations thereof.

[0019] Preferably, the sound control module also includes a
filter circuit which is electrically connected between the
sound sensor and the analog-digital conversion circuit.
[0020] Preferably, the vacuum cleaner is operable to store
the frequency, amplitude, period, peak value, valley value, or
optional combinations thereof of the currently sensed sound
as the preset condition.

[0021] Preferably, the control module is a vibration control
module which directly detects the vibration to control the
switch to be energized or not.

[0022] Preferably, the vibration control module includes
the vibration sensor which detects the vibration and outputs
the sensing signal, and the signal amplification circuit which
is connected with the vibration sensor and the switch, ampli-
fying the sensing signal and then outputting the sensing signal
to the switch to energize the switch.

[0023] Preferably, the vibration control module also
includes a comparator which is electrically connected
between the signal amplification circuit and the circuit; the
comparator compares the voltage of the sensing signal with a
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preset reference voltage; and when the voltage of the sensing
signal is greater than the reference voltage, the vibration
control module controls the switch to be energized.

[0024] Preferably, the hose includes a tool connection end
which is connected with the electric tool. The control module
is arranged at a position in the hose near the tool connection
end.

[0025] Preferably, the control module is sealed in the lateral
wall of the hose.

[0026] Compared with the prior art, the vacuum cleaner of
the present invention controls the vacuum cleaner to work by
using a control module to sense the vibration generated after
the startup of the electric tool, so the work of the vacuum
cleaner and the electric tool is highly consistent when work-
ing; in addition, the vacuum cleaner includes an independent
switch such that the vacuum cleaner and the electric tool can
be connected to different power supplies, and then the prob-
lem where the voltage of the electric tool is insufficient due to
voltage division by the vacuum cleaner is avoided. In such a
way, the user is provided with convenience during working.

[0027] The present invention also discloses a vacuum
cleaner which is used in combination with electric tools. The
vacuum cleaner includes: a body capable of vacuuming, a
handle installed on the body for being held by a user, a hose
installed on the body, and a function selection switch
arranged on the body. The function selection switch is oper-
able to be located at a off gear where the vacuum cleaner and
the power supply are disconnected, a on gear where the
vacuum cleaner conducts the continuous vacuuming func-
tion, and a automatic gear where the vacuum cleaner auto-
matically starts or stops working by sensing the vibration
generated after the startup of a first electric tool.

[0028] Preferably, the handle is equipped with a trigger
element which is electrically connected with the function
selection switch. The function selection switch also includes
atrigger gear where the trigger element controls the startup or
stopping of the vacuum cleaner.

[0029] Compared with the prior art, the vacuum cleaner in
the present invention selects different gears by setting the
function selection switch such that the vacuum cleaner can be
in different functional states to meet the user’s demands in
different cases. Thus, the vacuum cleaner of the present
invention has a wide application.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0030] The present invention is further described in detail
with reference to the attached drawings and embodiments.
[0031] FIG.1isaschematic diagram ofa vacuum cleaner in
the first embodiment of the present invention.

[0032] FIG. 2 is a functional block diagram of the vacuum
cleaner in FIG. 1.

[0033] FIG. 3 is a three-dimensional view of the vacuum
cleaner in the first embodiment of the present invention.
[0034] FIG. 4 is a three-dimensional view of a vacuum
cleaner in a second embodiment of the present invention,
wherein the end of a hose for connecting electric tools is
partly split.

[0035] FIG.5is aschematic diagram of a vacuum cleaner in
the third embodiment of the present invention.

[0036] FIG. 6 is a functional block diagram of FIG. 2 show-
ing more details.

[0037] FIG.7isaschematic diagram of a vacuum cleaner in
the other embodiment of the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

[0038] As shown in FIG. 1, the first embodiment of the
present invention provides a combination of electric tools,
which includes a first electric tool 1 and a second electric tool
100. The second electric tool 100 can automatically respond
to the startup of the first electric tool 1 to be started.

[0039] The first electric tool 1 may be a sander, table saw,
miter saw, electric circular saw, jig saw, angle grinder, electric
router, electric hammer, electric drill, belt sander, table jig
saw, or marble stone machine, etc. Of course, other electric
tools can also be used, but are not described in detail due to
limit of the text.

[0040] The second electric tool 100 is selected from among
a vacuum cleaner, water gun, blower, or portable working
lamp. In this embodiment, only the case where the second
electric tool 100 is a vacuum cleaner 100 is described. The
second electric tool 100 in other cases is basically the same as
the vacuum cleaner and therefore is not described due to the
limit of the text.

[0041] Referto FIG.1 and FIG. 3. The vacuum cleaner 100
includes: a hose 10, a body 20, a battery pack 23, a power
cable 25, a function selection switch 29, an electronic switch
30 and a control module 35.

[0042] The hose 10 is connected with the first electric tool
1. When the first electric tool 1 works, the generated residues
enter the body 20 from hose 10 by suction of the vacuum
cleaner 100. In this embodiment, the first electric tool 1 has a
dust removal portion. The hose 10 is directly connected with
the dust removal portion. The shape of the hose 10 can be
designed according to the structure of the dust removal por-
tion. Preferably, the dust removal portion of the first electric
tool 1 is tubular, and the hose 10 is also tubular and is made
from a flexible material such that the hose 10 can be sleeved
with the dust removal portion and then the user can conve-
niently install the hose 10 at the dust removal portion.
[0043] Of course, the hose 10 may be not connected with
the first electric tool 1. When the first electric tool 1 is work-
ing, the free end of the hose 10 can be placed near the head of
the first electric tool 1, so the vacuum cleaner 100 and the first
electric tool 1 are used in a combined way to remove the
residues generated when the head processes workpieces by
suction.

[0044] To enable the vacuum cleaner 100 to be used in
combination with many kinds of electric tools, the hose 10
and the body 20 are split. The hose 10 can be provided with at
least two free ends, wherein one free end is connected with the
body 20, and the rest can be manufactured into different
dimensions or shapes according to the needs of different
electric tools. Of course, a plurality of hoses of the vacuum
cleaner 10 with different dimensions or shapes can be con-
figured according to demands; as long as one free end is
connected with the body 20, the dimensions and shapes of the
rest can be designed on the basis of the actual situation. Those
skilled in this field may make other modifications which shall
be within the protection scope of the present invention as long
as the functions and effects are identical with or similar to
those of the preset invention.

[0045] The body 20 is connected with the hose 10 and can
perform vacuuming. The body 20 includes a motor (not
shown in the figure), a fan (not shown in the figure) installed
on the motor, a filter component (not shown in the figure) for
filtering residues in the gas, and a storage box (not shown in
the figure) for storing the residues. When the vacuum cleaner
100 works, the motor drives the fan to rotate at a high speed;
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the gas with the residues enters the body 20 from the hose 10;
the filter components filters the gas, and then clean air will be
discharged out of the vacuum cleaner 100, while the residues
and dust will be stored in the storage box.

[0046] The body 20 is provided with a handle 21 for being
held by the user, so the vacuum cleaner 100 is of high port-
ability. The handle 21 is provided with a trigger element 22
which is electrically connected with the function selection
switch 29 and used in combination with the function selection
switch 29. In addition, the trigger element 22 has a resetting
function, and when pressed, it can automatically bounce and
reset. In this embodiment, a return spring is arranged between
the trigger element 22 and the inner wall of the handle 21.
[0047] The battery pack 23 is installed on the body 20 and
can supply power for the motor to enable the vacuum cleaner
100 to work. The vacuum cleaner 100 can be connected to the
external DC power supply by the power cable 25; and when
the power cable 25 is connected to the external DC power
supply, the battery pack 23 can be charged, and meanwhile
the vacuum cleaner 100 can be started to work. Thus it can be
seen that the battery pack 23 and the external DC power
supply both can be used as the power supply of the vacuum
cleaner 100.

[0048] The first electric tool 1 and the second electric tool
100 respectively include or are connected to independent
power supplies, thus avoiding the problem of voltage insuf-
ficiency because the two share the same power supply. That is
to say, the first electric tool 1 can adopt the battery pack or the
DC power supply to supply power; when the first electric tool
1 and the second electric tool 100 both use the battery pack to
supply power, the two respectively include independent bat-
tery packs; when the two adopt the DC power supply, prefer-
ably, the two are respectively connected to different power
sockets, thus avoiding voltage insufficiency of one of the two
due to voltage division.

[0049] The function selection switch 29 is arranged on the
body 20 and connected with the power supply, and includes
four gears, namely the off, on, automatic, and trigger gears.
The function selection switch 29 is operable to shift among
the four gears. In addition, corresponding to the on, auto-
matic, and trigger gears, the vacuum cleaner 100 respectively
has a continuous vacuuming function, automatic vacuuming
function and a triggered vacuuming functions.

[0050] When the function selection switch 29 is located at
the off gear, the vacuum cleaner 100 cannot be started and is
completely disconnected with the power supply. At this time,
the user can safely dismantle or replace the battery pack 23.
[0051] When the function selection switch 29 is located at
the on gear, the vacuum cleaner 100 conducts continuous
vacuuming function, which means that the vacuum cleaner
100 continuously works after startup. This is applicable to a
relatively large area, or the case where the user uses the first
electric tool 1 to continuously process the workpieces, or the
case where the user is required to frequently use the first
electric tool 1 during working. In such cases, the vacuum
cleaner 100 works without stopping to avoid frequent startup,
thus saving electrical energy and prolonging the service life.
[0052] When the function selection switch 29 is located at
the automatic gear, the vacuum cleaner 100 conducts the
function of automatic vacuuming, and automatically starts or
stops working by sensing the vibration generated after the
startup of the first electric tool 1. At this time, the user is only
required to operate the first electric tool 1 to process the
workpieces, and is not required to additionally operating the
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vacuum cleaner 100, so convenience is brought to the user;
the vacuum cleaner 100 senses the vibration generated after
the startup of the first electric tool 1, so the work of the
vacuum cleaner 100 and the first electric tool 1 is highly
consistent, which means that after the first electric tool 1 is
started, the vacuum cleaner 100 will immediately start to
work. The automatic vacuuming function is applicable to the
case where the vacuum cleaner 100 and the first electric tool
1 are used in combination, which requires the user to process
the workpieces continuously. If the vacuum cleaner 100 is
controlled to be automatically started by setting the control
module 35, the user is not required to frequently operate the
vacuum cleaner 100, and the work of the first electric tool 1
and the vacuum cleaner 100 is highly consistent, so the
vacuum cleaner 100 can absorb the dust or fragments gener-
ated by the first electric tool 1.

[0053] When the function selection switch 29 is located at
the trigger gear, the vacuum cleaner 100 conducts the trig-
gered vacuuming function, and the user can lift and control
the vacuum cleaner 100 to be started to stop working by a
single hand. In this embodiment, when the function selection
switch 29 is shifted to the trigger gear, whether the vacuum
cleaner 100 is started is controlled by the trigger element 22,
which means that when the user presses the trigger element
22, the vacuum cleaner 100 will be started immediately, when
the trigger element 22 is released, the vacuum cleaner 100
will stop working immediately.

[0054] When the vacuum cleaner 100 is required to work in
many areas, the user needs to lift the vacuum cleaner 100 with
one hand, and hold the hose 10 with another hand to aim at the
area to be vacuumed. At this time, if it fails to lift and control
the vacuum cleaner 100 to be started to stop working with one
hand, the user is required to loosen the hose 10, start the
vacuum cleaner 100 and then hold the hose 10 to work, when
the work in the current area is done, the user is required to
loosen the hose 10 again and power off the vacuum cleaner
100; and when moving to another area which needs vacuum-
ing, the above operation is repeated, so such vacuuming
operation is very complicated. Of course, the user can also
keep the vacuum cleaner 100 in a working state, but the
vacuum cleaner 100 will consumes the electric energy of the
battery pack 23 in the process that it is moved to the next area
after the work in an area is done. Thus it can be seen that, in
this embodiment, by setting the trigger element 22, which
controls the startup or stopping of the vacuum cleaner 100
only when the function selection switch 29 is shifted to the
trigger gear, on the handle 21, the user can lift and control the
startup or stopping of the vacuum cleaner 100 with a single
hand, which allows the user to conveniently start the vacuum
cleaner 100 when working in many areas and release the
trigger element 22 top stop the vacuum cleaner 100 during
moving among areas, and thus, the electric energy of the
battery pack 23 is not consumed during movement.

[0055] By setting the continuous vacuuming function,
automatic vacuuming function, and triggered vacuuming
function, the vacuum cleaner 100 has a wide application
scope. Moreover, by setting a function selection switch 29 to
control the shift of the vacuum cleaner 100 among the func-
tion states, the operation by the user is very simple and con-
venient.

[0056] When the function selection switch 29 of the
vacuum cleaner 100 is located at the automatic gear, the
control module 35 can control the vacuum cleaner 100 to
work by the electronic switch 30. Therefore, in the descrip-
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tion where the control module 34 controls the work of the
vacuum cleaner 100, it is defaulted so that the function selec-
tion switch 29 is located at the automatic gear. Of course, the
vacuum cleaner 100 may not include the function selection
switch 29, and be started or stopped by turning the electronic
switch 30 on or off. In this way, the vacuum cleaner 100 can
work completely under the control of the control module 35.
[0057] The electronic switch 30 is connected with the func-
tion selection switch 29, or integrated in the function selec-
tion switch 29. When the function selection switch 29 is
shifted to the automatic gear, the startup or stopping of the
vacuum cleaner 100 is controlled by turning the electronic
switch 30 on or off. When the electronic switch 30 is ener-
gized, the electric energy of the power supply can enter the
motor such that the motor is energized and starts to work;
when the electronic switch 30 is not energized, the motor fails
to obtain the electric energy from the power supply and there-
fore cannot be started. In this embodiment, the electronic
switch 30 is a triode or a relay.

[0058] The control module 35 is arranged on the vacuum
cleaner 100 and can detect the vibration generated when the
first electric tool 1 is working so as to automatically control
the startup or stopping of the second electric tool 100. In this
embodiment, the control module 35 is electrically connected
with the electronic switch 30, and controls the electronic
switch 30 to be energized or not to realize control over the
work of the body 20 through the electronic switch 30 when
the function selection switch 29 is located at the automatic
gear.

[0059] After startup, the first electric tool 1 generates vibra-
tion, which means that the motor or the first electric tool 1
generates vibration when processing the workpieces. The
vibration brings the medium adjacent to the first electric tool
1 to vibrate at the same time, such as air or the hose 10
connected with the first electric tool 1. The control module
controls the electronic switch 30 to be energized or not by
sensing the vibration of the medium to control the work of the
vacuum cleaner 100.

[0060] Referto FIG. 1 and FIG. 2 together. In this embodi-
ment, the control module 35 is a sound control module 40
which controls the work of the vacuum cleaner 100 by sens-
ing the sound signal generated by the vibration. Because the
vibration generates the sound signal after the first electric tool
1 is started, while the sound signal is transmitted in a wave-
form, by setting the sound control module 40 to sense the
signal so as to indirectly detect the vibration generated by the
first electric tool 1, the work of the vacuum cleaner 100 can be
controlled by detecting the vibration of the first electric tool 1.
[0061] The sound signal generated by the vibration of the
first electric tool 1 after startup is the working sound signal
thereof, which means that the working sound signal can be
used as the sound signal generated when the motor rotates, or
the sound signal generated when the first electric tool 1 pro-
cesses the workpieces, or the sound signal generated by
superimposing and mixing the former two sound signals. In
this embodiment, the sound control module 40 controls the
vacuum cleaner 100 according to the superimposed and
mixed sound signal to realize automatic starting of the
vacuum cleaner 100 under the control of the sound control
module 40 when the first electric tool 1 begins to process the
workpeices.

[0062] The sound control module 40 is used for detecting
the working sound signal, so it can be arranged at an optional
position on the vacuum cleaner 100, may be located on the
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body 20, and may be located at a position in the hose 10 close
to the first electric tool 1. In this embodiment, the sound
control module 40 is arranged on the top of the body 20 of the
vacuum cleaner 100 and close to one side where the hose is
arranged. In this way, the sound control module 40 can rela-
tively accurately sense the working sound signal of the first
electric tool 1 to control the startup of the vacuum cleaner
100.

[0063] Itis understood that the electronic switch 30 can be
integrated in the sound control module 40 and electrically
connected with the function selection switch 29; the elec-
tronic switch 30 can also be arranged in the function selection
switch 29 and electrically connected with the sound control
module 40. Of course, the sound control module 40, the
electronic switch 30 and the function selection switch 29 can
be installed on the same circuit board and the three are con-
nected by circuits on the circuit board.

[0064] Refer to FIG. 1 and FIG. 6, the sound control mod-
ule 40 includes a sound sensor 41, a signal amplification
circuit 42 and a comparator 43.

[0065] The sound sensor 41 is used for sensing the sound
signal and converting the sound signal into the sensing signal.
When the sound signal is transmitted in the medium, it exists
in the waveform. The sound sensor 41 converts the sound
signal into the electric signal by sensing the waveform and
outputting the analogue signal simulating the frequency and
period of the waveform. The sound sensor 41 may be a capaci-
tor type sound sensor or an electromagnetic sound sensor,
preferably is a capacitor type sound sensor.

[0066] The sound sensor 41 is located on the external sur-
face of the body 20 and easily senses the sound signal there.
In this embodiment, the sound sensor 41 is arranged on the
top of'the body 20 and exposed on the outside of the body 20;
and when the vacuum cleaner 100 works, the sound sensor 41
is located on one side of the vacuum cleaner 100 close to the
first electric tool 1. In this way, the sound sensor 41 can more
accurately sense the working sound signal of the first electric
tool 1.

[0067] The signal amplification circuit 42 is electrically
connected with the sound sensor 41, receives the sensing
signal and amplifies the sensing signal by a fixed factor; The
sensing signal generated by the sound sensor 41 is relatively
weak and needs to be amplified for further processing.
[0068] The comparator 43 is used for conducting the
threshold function, which means setting a certain limit for
startup of the vacuum cleaner 100. The comparator 43 can
receive the sensing signal and control the electronic switch 30
to be energized or not. In this embodiment, the comparator 43
is respectively electrically connected with the signal ampli-
fication circuit 42 and the electronic switch 30 and includes a
first input end, a second input end and an output end. The first
input end is connected with the signal amplification circuit 42
and receives the sensing signal amplified by the signal ampli-
fication circuit 42. The second input end is connected with a
reference voltage Vec for comparing the reference voltage
with the sensing signal. The output end is connected with the
electronic switch 30.

[0069] When the first input end receives the sensing signal
which is amplified by the signal amplification circuit 42, the
comparator 42 will compare the voltage of the first input end
and that of the second input end; if it is found that the voltage
of the first input end is higher than that of the second input
end, a high voltage is output to the electronic switch 30 from
the output end to energize the electronic switch 30, and thus,
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automatic control over the startup of the vacuum cleaner 100
is realized, which means that the situation that the second
electric tool 100 responses to the startup of the first electric
tool 1 to be started is realized. When the voltage of the first
input end is lower than that of the second input end, a low
voltage is output from the output end, and the electronic
switch 30 is not energized so that that the second electric tool
100 stops working.

[0070] It can be understood that the reference voltage Vee
input to the second input end may vary with needs. Preferably,
the second input end is connected with an adjustable resistor.
In such a way, the reference voltage Vec input to the second
input end can be adjusted conveniently, so the situation where
the reference voltage Vcec is input to the second input end
according needs is realized. The comparator 43 compares the
amplified sensing signal with the reference voltage Ve, so
the signal amplification signal 42 amplifies the sensing signal
by a fixed factor; whether the voltage of the amplified sensing
signal is greater than the reference voltage Vec is determined
by the strength of the sensing signal output by the sound
sensor 41, and the strength of the sensing signal is determined
by the volume of the sound in the working environment,
therefore the reference voltage Vcc is relatively high, only the
sound in the working environment is relatively loud can the
voltage of the sensing signal be greater than the reference
voltage Vce. Thus, by adjusting the resistance of the resistor
to control the reference voltage input to the second input end,
the situation that the different startup conditions of the
vacuum cleaner 100 are set according to the volume of the
sound in the working environment is realized.

[0071] As mentioned above, the vacuum cleaner 100 can be
started to work according to a sound signal a specific decibel,
which means that when the comparator 43 judges that the
voltage of the first input end is equal to that of the second input
end, the electronic switch 30 is energized, and the vacuum
cleaner can be started when sensing a fixed sound signal. In
such a way, the vacuum cleaner 100 is not started to work by
the interference of other sound signals in the environment.
[0072] Of course, the signal amplification circuit 42 can be
integrated in the sound sensor 41 or comparator 43 such that
the sound sensor 41 or comparator 43 has the signal amplifi-
cation function.

[0073] The vacuum cleaner 100 may not include the com-
parator 43. In this way, the comparator 43 is connected with
the electronic switch 30. When the sound sensor 41 senses the
sound signal, the transmitted sensing signal is amplified by
the signal amplification circuit 42 and then output to the
electronic switch 30; when the electronic switch 30 is ener-
gized after receiving the sensing signal, and then the vacuum
cleaner 100 starts to work. In such a way, the work of the first
electric tool 1 and the vacuum cleaner 100 is highly consis-
tent. Of course, if the comparator 43 is integrated in the sound
sensor 41, the sound sensor 41 is directly connected with the
electronic switch 30, and whether the electronic switch 30 is
energized or not is controlled by whether the sound sensor 41
sends the working sound signal.

[0074] Furthermore, when the vacuum cleaner 100 does not
include the comparator 43, the sound control module 40 can
be provided with a delay startup function. Only when the
sensed sound signal lasts for a period of time, the sound
control module 40 starts the vacuum cleaner 100 to work. In
such cases, the sound control module 40 may include a
counter; when sensing the sound signal, the counter begins to
count; if the sound signal lasts, the counter keeps counting;

Jan. 9, 2014

after a preset period of time, the sound control module 40
controls the electronic switch 30 to be energized to start the
vacuum cleaner 100; if the sound signal stops during count-
ing, while the counter does not reach the preset period of time,
the counter stops counting, clears, and waits to begin counting
again when the sound signal appears. At this time, the sound
control module 40 controls the electronic switch 30 to be not
energized. In such a way, the situation where the sound con-
trol module 40 controls the electronic switch 30 to be ener-
gized only after the sound signal lasts a period of time, for
example, the sound signal generated when the saw blade cuts
the workpieces or the sound signal of the motor both last a
period of time when cutting is performed and can start the
vacuum cleaner 100, while sounds generated by speaking or
knocking cannot start the vacuum cleaner 100. Thus, the
vacuum cleaner 100 is not easily started to work by the
interference of other sound signals in the environment. After
the startup of the vacuum cleaner 100, if the sound signal
stops, the sound control module 40 immediately controls the
electronic switch 30 to be not energized to realize automatic
stop of the vacuum cleaner 100.

[0075] Those skilled in this field can realize the threshold
function of the compactor 43 by other means. Due to the limit
of the text, no more description of those means is provided,
but as long as the realized functions and achieved effects are
identical or similar with those of the present invention, they
all shall be within the protection scope of the present inven-
tion,

[0076] The sound control module 40 and the electronic
switch 30 together form a sound operated switch to control
the work of the vacuum cleaner 100, so the situation that the
second electric tool 100 can respond to the startup of the first
electric tool 1 to be started is realized, the work of the first
electric tool 1 and the second electric tool 100 are highly
consistent, meanwhile the first electric tool 1 and the second
electric tool 100 may respectively include different power
supplies to avoid the problem of voltage insufficiency when
the two share the same power supply and provide great con-
venience to the work of the user.

[0077] Refer to FIG. 4. The second embodiment of the
present invention provides a second electric tool 200. In this
embodiment, the second electric tool 200 is a vacuum cleaner
200.

[0078] The functions and structure of the second electric
tool 200 are basically the same with those of the electric tool
100 provided in the first embodiment, so the marks of the
same functional and structural elements are identical. The
difference between the two lies in that: as shown in FIG. 1 and
FIG. 4, the control module 35 is a vibration control module 46
arranged on the vacuum cleaner 200. The vibration control
module 46 directly senses the vibration generated by the first
electric tool 1 after startup to automatically control the work
of the second electric tool 200.

[0079] The vibration control module 46 includes a vibra-
tion sensor 47, a signal amplification circuit 42 and a com-
parator 43.

[0080] The hose 10 includes a tool connection end 45
which is connected with the first electric tool 1. The vibration
sensor 47 is located at a position in the hose 10 and close to the
tool connection end 45, which means that after the hose 10 is
connected with the first electric tool 1, the vibration sensor 47
is located at a position in the hose 10 and close to the first
electric tool 1, so, the vibration sensor 47 is very close to the
first electric tool 1; and when the first electric tool 1 works, the
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vibration sensor 47 generates vibration and drives the con-
nected hose 10 to vibrate together. Because the vibration
sensor 47 is located at a position in the hose 10 and close to the
first electric tool 1, it can accurately sense the vibration and
outputs the sensing signal. After sensing the vibration gener-
ated when the first electric tool 1 works, vibration sensor 47
outputs the sensing signal in the waveform; when the vibra-
tion amplitude of the first electric tool 1 becomes higher
during working, the voltage of the sensing signal output by
the vibration sensor 47 gets better.

[0081] The signal amplification circuit 42 is connected with
the vibration sensor 47, amplifies the sensing signal by a
certain factor and outputs the amplified signal to the elec-
tronic switch 30 so as to control the electronic switch 30 to be
energized such that the vacuum cleaner 200 is started.
[0082] When detecting the vibration generated by the elec-
tric tool 1 during working, the vibration sensor 47 outputs the
sensing signal. The signal amplification circuit 42 receives
the sensing signal, amplifies the signal and outputs the ampli-
fied signal to the electronic switch 30 to control the electronic
switch 30 to be energized, and then the vacuum cleaner 200 is
started. When the vacuum cleaner 200 is working, if the
vibration stops, the vibration sensor 47 does not output the
sensing signal, and then the electronic switch 30 loses the
reference voltage to be turned off, so the vacuum cleaner 200
stops working.

[0083] To avoid the situation that the vacuum cleaner 200 is
started by the vibration generated when the user drags or
installs the hose 10 on the first electric tool 1, the vibration
control module 46 can be provided with a comparator which
is identical with the comparator 43 provided in the first
embodiment, so repeated description is omitted here. In this
way, when the voltage of the sensing signal is greater than the
reference voltage, the comparator 43 outputs a voltage to
energize the electronic switch 30, then the vacuum cleaner
200 is started; when the voltage of the sensing signal is
smaller than the reference voltage, the comparator 43 outputs
alow voltage, and the electronic switch 30 is not energized, so
the vacuum cleaner 200 stops working.

[0084] As mentioned above, the vibration control module
46 further controls the electronic switch 30 to be energized or
not by directly sensing the vibration generated by the first
electric tool 1 after startup, thus realizing automatic control
over the work of the vacuum cleaner 200.

[0085] To prevent dust from polluting the vibration sensor
47, the vibration sensor 47 can be sealed. Preferably, the
vibration sensor 47 can be sealed in the lateral wall of the hose
10. In such a way, the vibration sensor 47 can more accurately
sense the vibration generated by the first electric tool 1 during
working such that the vibration control module 46 can more
accurately control the startup of the vacuum cleaner 200, and
then the work of the vacuum cleaner 200 and the first electric
tool 1 is highly consistent.

[0086] Correspondingly, the vibration control module 46
may be integrally arranged at a position in the hose 10 and
close to the tool installation end 45, and sealed in the lateral
wall of the hose 10; the vibration control module 46 and the
electronic switch 30 are connected by electric wires, and thus,
space setting in the body of the vacuum cleaner 200 can be
more flexible.

[0087] Of course, the vibration control module 46 in this
embodiment may be replaced by the sound control module 40
in the first embodiment; the sound sensor 41 or the whole
sound control module 40 may be arranged in the hose 10 in

Jan. 9, 2014

the same way mentioned above, and also sealed in the lateral
wall of the hose 10; in this way, the sound sensor 41 is closer
to the first electric tool 1, so the sound control module 40 can
more accurately control the startup of the vacuum cleaner and
is not interfered by the noises in the environment.

[0088] Of course, the control module 35 may also include
the sound control module 40 and the vibration control module
46 at the same time and realize control over the second elec-
tric tool by the cooperation of the two modules. For example,
only when the two modules sends the signals to control the
startup of the second electric tool at the same time, the second
electric tool can be started to work; otherwise, other interfer-
ence factors are regarded to exist. Such condition can improve
the anti-interference of the control module 35.

[0089] Referto FIG. 1 and FIG. 5. The second electric tool
300 provided in the third embodiment of the present invention
is basically identical with the second electric tool 100 pro-
vided in the first embodiment, and the marks of the same
functional and structural elements are identical with those in
the first embodiment. The difference between the two lies in
that: in this embodiment, the second electric tool 300 is a
vacuum cleaner 300, and the control module 35 of the vacuum
cleaner 300 is a sound control module 50. The sound control
module 50 includes a sound sensor 41, a signal amplification
circuit 42, an analog-digital conversion circuit 48, a memo-
rizer 49 and a processor 51.

[0090] The analog-digital conversion circuit 48 is electri-
cally connected with the signal amplification circuit 42, and
converts the analogue signal amplified by the signal amplifi-
cation circuit 42 into the digital signal. It can be understood
that the analog-digital conversion circuit 48 can be indepen-
dent from the sound sensor 41 or integrated in the sound
sensor 41. Those skilled in this field can select the means
according to actual demands.

[0091] The memorizer 49 stores a preset condition; when
the digital signal meets the preset condition, this represents
that the currently sensed sound signal is the working sound
signal of the first electric tool 1, which means that the first
electric tool 1 begins to work and the vacuum cleaner 300 is
required to be started to work.

[0092] The preset condition is at least one feature value,
such as the frequency, amplitude, period, peak value, valley
value or optional combinations thereof. In this embodiment,
the preset condition consists of the frequency and the ampli-
tude; when the frequency and amplitude of the current digital
current are identical with those of the present condition, it is
regarded that the currently sensed sound signal is the working
sound signal generated by the first electric tool 1. When
setting the preset condition, the corresponding situation of the
working sound signal of the matched first electric tool 1 is
used, which means that the feature value of the sound signal
generated by superposing the sound signal of the motor and
the sound signal generated by processing the workpieces
when the first electric tool 1 is in the working state is used as
the preset condition. Of course, the feature value is not limited
to the sound generated by superposing the sound signal of the
motor and the sound signal generated by processing the work-
pieces, and may be the sound signal of the motor or the sound
signal generated by processing the workpieces only.

[0093] Of course, the preset condition may also be set by
other means. Those skilled in this field may make other modi-
fications which shall be within the protection scope of the
present invention as long as the functions and effects are
identical with or similar to those of the preset invention.
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[0094] The processor 51 is electrically connected with the
analog-digital conversion circuit 48 and the memorizer 49,
receives the digital circuit, reads the preset condition from the
memorizer 49, analyzes if the digital signal meets the preset
condition, and if so, turns on the electronic switch 30. In this
embodiment, after receiving the digital signal, the processor
51 will identify the frequency and amplitude of the sound
signal generated when the motor rotates from the digital
signal, compares the frequency and amplitude with those of
the preset condition, and if they are identical, turn on the
electronic switch 30, and then the vacuum cleaner 300 is
started; when the sound signal stops, the sensing signal is not
generated, and the processor 51 turns off the electronic switch
30, so the vacuum clean 300 will automatically respond to the
stopping of the first electric tool 1 to stop working.

[0095] When turns on the electronic switch 30, the proces-
sor 51 continuously receives the digital signal and judges if
the digital signal meets the preset condition, if so, controls the
electronic switch 30 to be kept on, if not, turns off the elec-
tronic switch 30, and turns on the electronic switch when the
digital signal meets the preset condition again.

[0096] By the sound control module 50 in this embodiment,
the work of the vacuum cleaner 300 and the first electric tool
1 is highly consistent; by determining if the working sound
signal is generated by the first electric tool 1 according to the
preset condition, the vacuum cleaner 300 is not interfered
with by outside noises, and thus, the use convenience for the
user is improved.

[0097] To make the digital signal received by the processor
51 more in order, a filter circuit 53 can be arranged between
the sound sensor 41 and the analog-digital conversion circuit
48. The filter circuit 53 can filter the analogue signal gener-
ated by the sound sensor 41 such that the analogue signal
entering the analog-digital conversion circuit 48 is more in
order and that the digital signal which is converted by the
analog-digital conversion circuit 48 and enters the processor
51 is more in order. In this embodiment, the filter circuit 53 is
electrically connected between the signal amplification cir-
cuit 42 and the analog-digital conversion circuit 48.

[0098] To reduce energy consumption of the sound control
module 50, a sampling circuit 55 can be arranged between the
sound sensor 41 and the analog-digital conversion circuit 48.
The sampling circuit 55 is a sampling circuit which samples
the analogue signal generated by the sound sensor 41 at
interval and transmits the acquired analogue signal to the
analog-digital conversion circuit 48. In such a way, the ana-
log-digital conversion circuit 48 is only required to convert
the acquired analogue signal into the digital signal and trans-
mit the digital signal to the processor 51, while the processor
51 is only required to analyze the data transmitted by the
analog-digital conversion circuit 48, such that the workloads
of the analog-digital conversion circuit 48 and the processor
51 are reduced, and then the energy consumption is reduced.
In this embodiment, the sampling circuit 55 is electrically
connected between the filter circuit 53 and the analog-digital
conversion circuit 48. The sampling circuit 55 samples the
analogue signal generated by the filter circuit 53 at intervals,
and transmits the sampled result to the analog-digital conver-
sion circuit 48. In other embodiment show in FIG. 7, the
sound control module 50 does not include the sampling cir-
cuit 55, the analog-digital conversion circuit 48 is electrically
connected with the filter circuit 53 directly. To ensure that the
vacuum cleaner 300 is used in combination with different
electric tools, the vacuum cleaner 300 may have a learning
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function, which means that the vacuum cleaner 300 can store
the frequency, amplitude, period, peak value, valley value, or
optional combinations thereof of the currently sensed sound
signal into the memorizer as the preset condition. In this
embodiment, the vacuum cleaner 300 can be provided with a
button; when the button is triggered, the processor 51 begins
to continuously receive the digital signal transmitted from the
analog-digital conversion circuit 48; when the user re-triggers
the button, the processor 51 will store the information such as
the frequency and amplitude of the digital signal obtained by
the previous trigger into the memorizer 49 as a preset condi-
tion. For example, the electric tool is a sander; when the user
presses the button of the vacuum cleaner 300 and starts the
sander, the processor 51 begins to continuously receive the
digital signal converted by the analog-digital conversion cir-
cuit 48; when the user re-presses the button, the processor 51
stores the information such as the frequency and amplitude of
the digital signal received before pressing the button into the
memorizer 49, and then the vacuum cleaner 300 ends learn-
ing; and if the sander is not powered off or re-started, the
sound control module 50 will control the vacuum cleaner 300
to work because of sensing the working sound signal of the
sander and judging that the working sound signal meets the
preset condition.

[0099] Of course, the preset condition can be set by press-
ing the button once. When the button is pressed, the processor
51 stores the feature value of the current sound signal into the
memorizer 49 as the preset condition. Those skilled in this
field may make other modifications which shall be within the
protection scope of the present invention as long as the func-
tions and effects are identical with or similar to those of the
preset invention.

[0100] Of course, the sound sensor 41 in this embodiment
may also be replaced by the vibration sensor, and correspond-
ingly, the preset condition may be the frequency, vibration,
period, peak value, valley value, or optional combinations
thereof of the waveform sensing signal output from the vibra-
tion sensor. In such a way, whether the current vibration is
generated by the first electric tool 1 after the startup can be
directly judged, so the vacuum cleaner is not interfered by
other factors and can be started only when the first electric
tool 1 works. Of course, after the sound sensor 41 is replaced
by the vibration sensor, the vacuum cleaner 300 may also
have the above learning function, which means that only the
frequency, vibration, period, peak value, valley value, or
optional combinations thereof of the waveform sensing signal
output from the vibration sensor are required to used as the
preset condition and stored in the memorizer 49 by the above
means, and then combination of the vacuum cleaner and
different electric tools can be realized.

[0101] The fourth embodiment of the present invention
provides a method for starting the combination of electric
tools in the above embodiment. The method includes: con-
necting the first electric tool and the second electric tool to
different power supplies; starting the first electric tool, then
the second electric tool will automatically respond to the
startup of the first electric tool be started; and when the first
electric tool stops, the second electric tool will automatically
respond to the stopping of the first electric tool to stop work-
ing.

[0102] Of course, the step of connecting the first electric
tool and the second electric tool to different power supplies
can be interpreted that the first electric tool and the second
electric tool are respectively connected to different DC power
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supplies, or respectively equipped with the battery pack, or
one is connected the DC power supply, while the other is
equipped with the battery pack. Here, the exhaustion of the
means is omitted here, only the case where the first electric
tool and the second electric tool are powered by different
power supplies is needed.

[0103] By this method, the user is only required to operate
the first electric tool and not required to operate the second
electric tool to realize the situation that when the first electric
tool is started, the second electric tool can also be automati-
cally started, thus bringing great convenience to the user.

[0104] Inspired by the technical spirit of the present inven-
tion, those skilled in this field can adopt other technical
schemes to realize the situation that the second electric tool
automatically responds to the startup of the first electric to be
started, for example: a wireless signal transmitter is installed
on the first electric tool and a wireless signal receiver is
installed on the second electric tool; when the first electric
tool works, the wireless signal transmitter transmits the sig-
nal, and the wireless signal receiver receives the signal; the
second electric tool is immediately started to work after the
wireless signal receiver receives the signal; and in this way,
the situation that the second electric tool responses to the
startup of the first electric tool to be started can be realized.
Those skilled in this field may make other modifications
which shall be within the protection scope of the present
invention as long as the functions and effects are identical
with or similar to those of the preset invention.

[0105] Compared with the prior art, the combination of
electric tools provided in the present invention realizes that
the second electric tool can be automatically started without
additional operation after the user starts the first electric tool
to work by enabling the second electric tool to automatically
respond to the startup of the first electric tool, thus bringing
convenience to the user. In addition, the first electric tool and
the second electric tool respectively include independent
power supplies and therefore are not affected by the voltage
during working and avoid the problem of voltage insuffi-
ciency aroused when the two share the same power supply.
[0106] Those skilled in this field shall be clear that the
present invention also can have other realization manners. As
long as the adopted technology is identical with or similar to
that of the present invention, variations and substations made
on basis of the present invention shall be embraced within the
scope of the present invention.

We claim:
1. A combination of electric tools, comprising:

a first electric tool and a second electric tool respectively
having an independent power supply, the second electric
tool starting working automatically responding to the
startup of the first electric tool.

2. The combination of electric tools according to claim 1,
wherein the second electric tool stops working automatically
responding to the stopping of the first electric tool.

3. The combination of electric tools according to claim 2,
wherein the second electric tool comprises a control module
which automatically starts the second electric tool by detect-
ing vibration generated by the startup of the first electric tool.

4. The combination of electric tools according to claim 3,
wherein the control module comprises a sound control mod-
ule which receives sound signals generated by vibration to
automatically starts the second electric tool.
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5. The combination of electric tools according to claim 4,
wherein the second electric tool comprises a switch control-
ling the startup of the second electric tool;

the sound control module comprises: a sound sensor which
converts the sensed sound signal into the sensing signal
and outputs the sensing signal, and a signal amplification
circuit which is connected with the sound sensor and the
switch and amplifies and outputs the sensing signal to
the switch.

6. The combination of electric tools according to claim 5,
wherein the sound control module also comprises a compara-
tor which is electrically connected between the signal ampli-
fication circuit and the switch; the comparator compares the
voltage of the sensing signal with a preset reference voltage;
and when the voltage of the sensing signal is greater than the
reference voltage, the sound control module controls the
switch to be energized.

7. The combination of electric tools according to claim 5,
wherein the sound control module also comprises a delay
circuit capable of counting time; when the sensing signal
output by the sound sensor lasts a preset time length, the
sound control module controls the switch to be energized.

8. The combination of electric tools according to claim 4,
wherein the sound control module comprises:

a sound sensor, converting the sensed sound signal into the

analogue signal;

a signal amplification circuit, electrically connected with
the sound sensor, and amplifying the sensing signal by a
fixed factor;

an analog-digital conversion circuit, electrically connected
with the signal amplification circuit, receiving the sens-
ing signal and converting the analogue signal into the
digital signal;

a memorizer, storing a preset condition; and

a processor, electrically connected with the analog-digital
conversion circuit and the memorizer, receiving the digi-
tal signal, reading the preset condition, and when the
digital signal meets the preset condition, controlling the
second electric tool to be started.

9. The combination of electric tools according to claim 8,
wherein the preset condition is at least one feature value of the
sound signal, and the feature value is the frequency, ampli-
tude, period, peak value, valley value, or optional combina-
tions thereof.

10. The combination of electric tools according to claim 8,
wherein the sound control module also comprises a filter
circuit which is electrically connected between the sound
sensor and the analog-digital conversion circuit.

11. The combination of electric tools according to claim 8,
wherein the second electronic tool is operable to store the
frequency, amplitude, period, peak value, valley value of the
sound signal, or optional combinations thereof into the
memorizer as the preset condition.

12. The combination of electric tools according to claim 3,
wherein the control module comprises a vibration control
module which directly detects the vibration to automatically
start the second electric tool.

13. The combination of electric tools according to claim
12, wherein the second electric tool comprises a switch con-
trolling the startup of the second electric tool;

the vibration control module comprises a vibration sensor
which detects the vibration and outputs a sensing signal,
and a signal amplification circuit which is connected
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with the vibration sensor and the switch, amplifying and
outputting the sensing signal to the switch, and turning
on the switch.

14. The combinations of electric tools according to claim
13, wherein the vibration control module also comprises a
comparator which is electrically connected between the sig-
nal amplification circuit and the switch; the comparator com-
pares the voltage of the sensing signal with a preset reference
voltage; and when the voltage of the sensing signal is greater
than the reference voltage, the vibration control module con-
trols the switch to be energized.

15. The combinations of electric tools according to claim 1,
wherein the first electric tool is selected from one of the
following: sander, table saw, miter saw, electric circular saw,
jig saw, angle grinder, electric router, electric hammer, elec-
tric drill, electric planer, belt sander, table jig saw, or marble
stone machine.

16. The combinations of electric tools according to claim
15, wherein the second electric tool is selected from one of the
following: vacuum cleaner, water gun, blower, or portable
working lamp.

17. The combination of electric tools according to claim 2,
wherein the second electric tool is a vacuum cleaner, and the
vacuum cleaner also comprises:
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a battery pack as the power supply of the second electric
tool;

a body for vacuuming;

a hose installed on the body, the hose comprises a tool
connection end which is connected with the first electric
tool.

18. A method for starting a combination of electric tools,
the combination of electric tools comprising a first electric
tool and a second electric tool, the method comprising:

starting the first electric tool; and

the second electric tool starts automatically responding to
the startup of the first electric tool.

19. The method according to claim 18, wherein the method
also comprises, before starting the first electric tool, respec-
tively connecting the first electric tool and the second electric
tool to different power supplies.

20. The method according to claim 18, wherein when the
first electric tool is powered off, the second electric tool stops
working automatically responding to the stopping of the first
electric tool.



